Abstract. Cytochromes P450 (P450) collectively refer to a superfamily of heme-containing enzymes that use 02 and electrons from NADPH to insert a single atom of oxygen into any one of a large number of substrates. Two general classes of P450s exist; a relatively limited number of P450 forms, expressed in specialized tissues that are associated with pathways of steroidogenesis and a large number of forms responsible for metabolism of foreign compounds. Most of the latter P450s are expressed in liver, the primary site for metabolism of drugs, unusual dietary compounds and environmental pollutants. Numerous forms of P450 are expressed in liver of untreated animals and these are regulated quite dif ferently. Both developmentally-programmed and sex-specific expressions have been observed. In this review, I will summarize recent findings on the mechanisms by which two P450 genes are regulated in livers of developing rats. The CYP2E1 gene is transcriptionally activated within a few hours after birth while the CYP2C6 gene is activated just prior to rats reaching puberty. These genes are under control of two transcription factors, HNF-1 a and DBP, respectively, that themselves are developmentally controlled. 
Introduction
Cytochromes P450 (P450) are a superfamily of en zymes able to oxidize a large number of structurally diverse substrates.1 P450s range in size from 40 to 65 kilodaltons and contain a single molecule of iron com plexed as heme in protoporphyrin IX. This complex enables the enzyme to metabolize 02. Upon chemical reduction and saturation of the protein with carbon monoxide, a typical Soret spectral band with a maximum absorption of about 450 nm is obtained. All P450s display this property. Most P450 genes are constitutively expressed in adults. The most well studied are those expressed in livers of rats. Several distinct modes of expression have been described: 1 Activation of expression in both males and females within a day or two after birth, 2 Activation of expression in both sexes just after birth followed by a loss of expression in males when animals reach puberty (3 to 4 weeks of age), 3 Activation of expression in both males and females when rats reach puberty, 4 Activation of expression in males at puberty, and 5 Activation of expression in females at puberty. The rat hepatic P450 genes that are differentially activated during devel opment are given in Table 1 . The physiological stimuli responsible for these differing modes of expression is, in most cases, growth hormone secretory patterns which are determined by steroid hormones.25 Thyroid hormone also plays a role in maintenance of P450 expression. The references associated with each P450 includes the complete cDNA sequence and in some cases, an additional reference describing the mechanism of regulation. This reference list is not exhaustive for lack of space and the author apologizes to those whose paper was not included. Additional information on this subject can be found in reviews. 24, 25 tile male pattern of growth hormone secretion where as CYP2C13 is activated by the relatively low growth hormone levels in males (independent of the pulsatile secretion) and is repressed in females by their high levels growth hormone secretion)) Other P450s such as CYP2A2 and CYP3A2 are repressed in adult females by high continuous growth hormone levels. 11,26
The CYP2C6 and CYP2C7 genes are activated just prior to puberty in both males and females. 14,15 The latter gene is expressed at higher levels in females than males due to a stimulative effect of continuous growth hormone secretion. 15 Expression of the CYP2C6, gene on the other hand, is totally independent of growth hormone and thus appears to be regulated quite dif ferently from the other P450 genes.
The remaining portion of this review will focus on the molecular mechanisms of developmental activation of the CYP2E1 and CYP2C6 genes which are expressed in the liver of rats of both sexes just after birth and before puberty, respectively. These genes are both under con trol of liver-enriched transcription factors that themselves are expressed during certain stages of development. Four families of transcription factors are known to be preferentially expressed in liver ( Table 2) . Three of these families exhibit DNA binding domains typical of other known transcription factors such as the zinc finger motif of SP-1, the leucine zipper first identified in C/EBP and the POU-homeodemain proteins . HNF-4 possesses a region of low sequence similarity to the zinc finger domain and is a member of the steriod hormone receptor superfamily. To confirm this possibility trans-activation exper iments were performed as shown in Figure 1 . Cloned transcription factor cDNAs are inserted into plasmids containing powerful viral promoters and used to co transfect cells with the P450 promoter connected to the bacterial chloramphenicol acetytranferase gene (CAT). A third plasmid containing the firefly luciferase gene is included in the transfection mixture to control for Fig 1 Trans-activation of P450 promoters with transcription factor cDNA-expression plasmmids. The P450 promoter is fused to the bac terial chloramphehicol acetyltransferase (CAT) gene and displays low activaity when transfected into human hepatoma Hep G2 cells. When co-transfected with an expression plasmid containing a cDNA encoding the transcription factor driven by the cytomegalovirus (CMV) pro moter, CAT activity is markedly increased reflecting the role of the factor in actiating the P450 promoter. In these experiments, a third plasmid containing an independently regulated firefly luciferase gene is introduced as a control for transfection efficiency. 
Developmental Activation of CYP2E1 Gene Expression
To explore the mechanism by which the CYP2E1 gene is transcriptionally activated during development, nuclear extracts were prepared from livers of rats just prior to birth (prenatal) and within 6 h after birth at which times the gene is inactive, and three days after birth, when the gene is active. Analysis of CYP2C6-CAT constructs containing various amounts of upstream DNA revealed that a region of DNA between -103 by and -38 by was re sponsible for the trans-activation by DBP. DNase I footprinting experiments, using adult rat liver nuclear extracts, identified a protein-binding region between -63 by and -43 bp .39 Gel mobility shift assays, using a double-stranded oligonucleotide containing this se quence information, also confirmed that this DNA could specifically interact with rat liver nuclear protein (s) and DBP made by recombinant DNA expression in bacteria. The CYP2C6 DBP recognition site contained two almost perfect half sites but displayed little similarity with the albumin gene DBP-binding site (Fig 3) . Two half sites suggest that a dimer binds to the CYP2C6 sequence. Indeed, DBP is capable of forming heterodimers with another related bZIP factor TEF33 and can probably form homodimers with itself. 
